Recent studies demonstrate that acute psychological stress in man affects lymphocyte circulation. It has been suggested that catecholamines are responsible for these changes. The present review summarizes findings regarding catecholamine-induced lympho-and leukocytosis, starting with observations dating back to the beginning of this century. Particular attention is given to the mechanisms of this phenomenon and the potential site of origin of newly appearing leukocytes. Characteristically, two phases are recognized after catecholamine administration: a quick (õ30 min) mobilization of lymphocytes, followed by an increase in granulocyte numbers with decreasing lymphocyte numbers. Many studies have shown that catecholamines predominantly affect natural killer (NK) cell and granulocyte circulation, whereas T-and B-cell numbers remain relatively unaffected. The changes in lymphocyte circulation seem to be mainly mediated via activation of b 2 -adrenoceptors, whereas granulocyte increases involve a-adrenoceptor stimulation. Results further indicate that the marginal pool and the spleen are the major sources for freshly recruited lymphocytes, whereas granulocytes are predominantly released from the marginal pool and the lung. Results from acute psychological stress or physical exercise models corroborate the results obtained with catecholamine administration. Together, the data demonstrate that components of the innate immune system participate in the classical fight/flight response. ᭧
INTRODUCTION
In recent years, a number of studies regarding the effects of acute psychological stress on the cellular immune system in humans have been published (Naliboff, Benton, Solomon, Morley, Fahey, Bloom, Makinodan, & Gilmore, 1991; Brosschot, Benschop, Godaert, de Smet, Olff, Heijnen, & Ballieux, 1992; Bachen, Manuck, Marsland, Cohen, Malkoff, Muldoon, & Rabin, 1992; Mills, Berry, Dimsdale, Ziegler, Nelesen, & Kennedy, 1995; Schedlowski, Jacobs, Stratmann, Richter, Hädicke, Tewes, Wagner, & Schmidt, 1993b; Naliboff, Solomon, Gilmore, Fahey, Benton, & Pine, 1995) . In general, they show that acute psychological stress induces a transient increase in lymphocyte numbers, with the most prominent increases in natural killer (NK) cell numbers. Recently, the importance of b-adrenoceptors in this phenomenon has been documented (Benschop, Nieuwenhuis, Tromp, Godaert, Ballieux, & van Doornen, 1994b; Bachen, Manuck, Cohen, Muldoon, Raible, Herbert, & Rabin, 1995; Benschop, Jacobs, Sommer, Schürmeyer, Raab, Schmidt, & Schedlowski, 1996) , indicating that catecholamines play a determining role in stress-induced lymphocytosis. More general, leukocytosis and its causes have been the subject of many studies since the beginning of this century. Leukocytosis refers to the increase in the number of leukocytes in a particular organ, as a result of a migration of these cells, rather than an increase in their proliferation rate. The present report reviews experiments describing stress-and catecholamine-induced leukocytosis as observed in peripheral blood in man, with particular focus on the development of hypotheses about the mechanisms of this phenomenon.
